Nitrogen is often considered a limiting factor for estuarine phytoplankton (Pinckney et al., 2001) . Studies show that nutrient loading in estuaries over time can lead to eutrophic plankton growth, oxygen depletion, and changes in species composition (Lotze et al. 2006 ).
We will see in our investigation that nitrate levels found in estuaries have both natural and anthropogenic origins. Nitrates found in leaf litter, organic debris, and nutrient-rich soil naturally enter our riverine systems from runoff during rain events. Some nutrients enter the estuary from the ocean; however, their total contribution is much less than that of the fresh water (see the General Comments section for further discussion on this topic). Humans contribute to the nitrogen load in aquatic systems in many ways, including agricultural practices, sewage, wastewater, industrial wastes, and stormwater drains. McClelland and Valiela (1998) found a relationship between nitrogen levels in groundwater and estuarine producers. Their findings suggest a link between the levels of nitrogen originating from land-derived activities (wastewater) and primary production in estuaries.
This lab focuses on agricultural sources of nitrates. Areas that are farmed generally contain greater nitrogen levels in their surface water and groundwater due to the application of fertilizers, and therefore, the bodies of water located in these watersheds exhibit greater nitrogen loads. Even individuals living hundreds of miles inland from the nearest ocean can affect our coastal ecosystems through daily landscaping practices that include the application of fertilizers. Due to the interconnectedness of all bodies of water, eventually these backyard tributaries empty into our coastal waters and affect the nutrient balance of our estuaries.
h A N D S -O N O C E A N O G R A P h y Investigating Coastal Processes
and Nitrate Levels in the Elkhorn Slough Using Real-Time Data Figure 2 . The instrumentation integrated into the LOBO moorings is a combination of commercially available (ySI 9600 nitrate monitor, Aanderaa oxygen optode, Sea Bird conductivity-temperature-depth sensor [CTD] , fluorometer and turbidity sensors, RD Instruments acoustic Doppler current profiler) and "in house" (in situ ultraviolet spectrophotometer [ISUS] ) technology. Combined with a mooring system that allows for long-term deployment and rapid data transmission through a wireless local area network, the sensors can return near-real-time information for extended deployment periods. For more detailed information on the mooring instrumentation, go to http://www.mbari.org/lobo/ instruments.htm. org/map.htm), and the mooring location figure is taken from the LOBO Web site (http://www.mbari.org/ staff/coletti/lobogps.html), where more precise GPS coordinates can be found.
To better understand the relationships among tides, salinity levels, temperatures, and nitrate levels in an estuary, students will collect real-time data from observatories set up on buoys in the Elkhorn Slough, the Salinas River, and Moss Landing Harbor. The watershed in this geographic area (Figure 1 ) is heavily farmed and is located in Monterey County, California. These observatory buoys are strategically placed in the estuary and equipped with various sensors that continually monitor physical, chemical, and biological parameters (Figure 2 ). The sensors detect changes in nitrogen levels, allowing us to monitor how events such as seasonal precipitation patterns, simple rain events, and even tidal changes affect salinity levels, temperatures, and nitrate levels in the estuary. These real-time data are available not only to scientists but also to students, environmental agencies, and the general public (http://www.mbari.org/lobo After reviewing your data, you may see two peaks of nitrates per day. There are actually two sources for these increases, one natural and one anthropogenic. The anthropogenic effect is discussed above. The LOBO Web site (http://www. mbari.org/lobo/casestudy1.htm) explains how these relationships can be interpreted. There will be a graph that summarizes the data for one of the observatories, buoy LO1. 
GENER AL COmmENTS
• The estimated time to complete this activity is one lab period (2-3 hours, depending upon the student).
• • Nitrate Sources in the Elkhorn Slough: There are two potential sources for nitrate input into the slough waters. The obvious source is from land via the Old Salinas River that enters at the south end of Moss Landing Harbor. This terrestrial, anthropogenic source results in high-nitrate/lowsalinity waters that travel downriver on the ebb tide, mix a little in the coastal zone, and then re-enter Elkhorn Slough on the flood tide. The natural oceanic input of nitrates is far less than the terrestrial source and is a bit more complex.
The Monterey Submarine Canyon generates large internal tides that propagate like tidal bores up the canyon. These internal waves carry cold, oxygen-depleted, high-nitrate water from ~ 100 m depth up the Monterey Submarine Canyon to the canyon head, which is also the harbor entrance. The rising tide can then carry that water into the slough. This is an unusual circumstance, and it is uncommon to have internal oceanic waves influencing nitrate levels in estuaries. To further complicate the issue, this connection between the in-hANDS -ON O CE ANO GR APhy hands-On Oceanography provides an opportunity for you to publish teaching materials developed for undergraduate and/or graduate classes in oceanography. Activities, include, but are not limited to, computer-based models and laboratory demonstrations that actively engage students (i.e., activities where students have to make decisions, record results, and interpret results). All submissions are peer-reviewed. Publication of teaching materials may contribute to the broader impact of NSF-funded research.
Visit www.tos.org/hands-on to download activities or for more information on submitting an activity of your own for consideration. 
RE SE ARCH QUE STION
The emphasis in this activity is on con- 
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B Y J O C E L I N E B O U C H E R A N D L A U R E N E . S A H L Th is article has been published in
PURPOSE OF ACTIVITY
The purpose of this activity is to familiarize students with how a particle's size, shape and orientation affects its settling at low Reynolds numbers. This activity can also be used to teach statistical skills (e.g., replication of measurements, propagation of error, type I vs.
type II regressions).
AUDIENCE
Components of this activity have been used in a variety of classes, including an advanced graduate class on particle dynamics, a junior-senior undergraduate class on organism design, and a sopho- 
RE SEARCH QUE STION
How does settling velocity depend on size, shape, and orientation at low 
HYPOTHE SIS
Stokes' solution is applicable for settling at low Reynolds numbers (Re << 1).
When particles are not spherical, deviations from that solution are expected; in general, the larger the cross-sectional area perpendicular to the settling direction, the slower the particle settles.
APPROACH
Students will measure settling velocities of a series of small beads of varying sizes, but which are all made of the same three materials (e.g., clay, steel, glass) in a highly viscous fl uid before comparing results in water. The student will explore the effect of shape on settling by constructing models of non-spherical particles and measuring how their settling changes with orientation.
Settling of Particles in Aquatic Environments
Low Reynolds Numbers Academy, Castine, ME, USA.
PURPOSE OF ACTIVITY
AUDIENCE
RE SEARCH QUE STION
AUDIENCE
The target audience is undergraduates.
The content can easily be modifi ed to satisfy graduate students, through intensifying the students' interactions with the theoretical and modeling aspects. Non-majors will benefi t from this exercise through emphasis on the many biological processes that are driven by encounter rates. 
BACKGROUND
RE SE ARCH QUE STIONS
How does organism encounter rate vary with varying abundance, motility, and size? Which biological processes are encounter-rate dependent? Which are the important variables in these processes?
APPROACH
Students will have some intuition how the aforementioned variables will affect biological encounter rates. The approach taken in this laboratory is to allow students to explore and build upon their intuition. This laboratory consists of two discrete sections: (1) an interactive computer exercise in which students generate hypotheses about factors that could affect encounter rates and (2) a laboratory exercise that tests some of these hypotheses. To allow students to draw on their own intuition, I intentionally do not precede this exercise with a lecture. I offer students Gerritsen and Strickler (1977) for background. ternal waves and the estuary are strongest during upwelling events (Chapin et al. 2004 ).
• More information about aquatic biochemistry can be found at the LOBO site in the Additional Online Resources section.
• Students should consider seasonal variations, especially precipitation patterns, in the Monterey area when interpreting their graphs. For more information on the climate in this area, please refer to the Additional Online Resources section below.
POSSIBLE mODIFICATIONS
The National Estuarine Research Reserve System (http://nerrs. There is also a link to real-time data from a data distribution system operated by the National Weather Service (http://nerrs.
noaa.gov/ioos/realtime_map.html). These resources will enable you to integrate data from your region into the activity.
